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QUASI-STEADY  STATE  MULTI-PLASMA  CLOUD  CONFIGURATION 

IN  THE  IONOSPHERE 

1.  INTRODUCTION 

It  has  been  observed  that  kilometer-scale  size  structures  can  persist 
in  both  barium  and  nuclear  cloud  striation  phenomena  (J.  Fedder,  W.  Chesnut 
and  L.  Wittwer,  1980,  private  communication).  Beyond  a  certain  point  (late 
times)  after  the  release  of  such  plasma  clouds,  the  bifurcation  of  clouds 
appears  to  stop  and  there  is  a  tendency  for  the  striations  to  drift  in 
unison  for  as  long  as  they  can  be  seen.  In  addition,  the  survival  for 
hours  of  the  kilometer  scale  structures  has  been  evidenced  by  propagation 
studies  (Prettie  et  al.,  1977).  This  observed  behavior  of  ionospheric 
plasma  clouds  is  often  referred  to  as  the  "freezing”  phenomenon. 

Recently,  some  studies  have  attempted  to  understand  the  apparent 
observed  cessation  of  the  bifurcation  process  at  a  scale  length  of 
kilometers.  Modelling  the  plasma  cloud  and  ionosphere  as  a  single  two- 
dimensional  layer  perpendicular  to  the  ambient  geomagnetic  field  (J^) 
including  cross-field  diffusion  due  to  electron-ion  collisions,  McDonald  et 
al.  (1981)  carried  out  theoretical  and  numerical  simulation  studies.  They 
produced  a  "U"  shaped  curve  representing  the  minimum  striation  scale  size 
(a  structure's  stability  against  further  bifurcation)  as  a  function  of  the 
ratio  of  the  integrated  Pedersen  conductivity  of  the  plasma  cloud  to  the 
background  ionosphere.  However,  classical  electron  diffusivity 

(-  I  m2  /sec)  produced  minimum  scale  sizes  of  the  order  of  10  to  30  m. 
Consequently,  anomalous  diffusion  (-  100  n^/sec)  had  to  be  invoked  in  order 
to  obtain  "freeze-up"  of  kilometer  scale  sizes.  The  work  of  Ossakow  et  al. 
(1981)  proposed  that  including  a  second  level  for  the  background  ionosphere 

(see,  for  example,  Scannapjeco  et  al.,  1976)  would  allow  image  striations 
Manuscript  approved  January  24,  1984. 
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to  build  up  and  allow  the  conductivity  in  a  striation  to  be  amplified. 
This  in  turn  would  allow  for  larger  conductivity  ratios  than  if  one  had 
just  one  cloud  level,  which  in  turn,  could  result  in  kilometer  minimum 
scale  sizes  by  extrapolating  the  U  shaped  curve  of  McDonald  et  al.  (1981) 
to  higher  conductivity  ratios. 

The  above  studies  have  sought  the  possible  mechanisms  that  may  be 
responsible  for  the  apparent  cessation  of  bifurcation  associated  with  the  E_ 
x  B  gradient  drift  instability.  However,  there  is  another  necessary 
ingredient  for  the  freezing  phenomenon.  After  bifurcation  has  stopped,  the 
multiple  striation  fingers  appear  to  undergo  a  quasi-steady  state  _E_  x  B_ 
drift  across  the  magnetic  field  B^.  It  is  the  latter  issue  of  quasi-steady 
state  solutions  that  we  will  address  in  this  paper. 

Dungey  (1958)  and  later  Perkins  et  al.  (1973)  showed  that  the  coupled 
set  of  equations  for  density  n  and  potential  <j>  describing  the  dynamics  of 
plasma  clouds  have  no  steady  state  solutions  if  the  cloud,  as  described  by 
n,  has  a  finite  size  (with  the  gradient  of  n)  in  the  two  dimensions 
perpendicular  to  the  magnetic  field  J^.  An  exception  to  this  rule  is  a 
"waterbag"  plasma  cloud  with  a  piecewise  constant  density  profile  with 
constant  densities  n^  and  n2  inside  and  outside  the  plasma  cloud, 
respectively  (e.g.,  elliptic,  circular  cylindrical,  slab  plasma  clouds). 
Llnson  (1972)  solved  the  potential  ( <p )  equation  using  methods  such  as  those 
found  in  Smythe  (1950).  In  this  approach,  the  continuity  equation  for  n  is 
automatically  satisfied.  In  this  configuration,  the  induced  electric  field 
is  constant  inside  the  single  waterbag  plasma  cloud  and  is  anti-parallel  to 
the  external  (zeroth  order)  electric  field.  Thus,  the  total  field  inside 
is  reduced.  A  method  similar  to  that  of  Linson's  was  adopted  by  Ossakow 
and  Chaturvedi  (1978)  to  study  the  morphology  of  rising  equatorial  spread  F 
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bubbles.  In  this  case,  the  Induced  electric  field  is  again  constant  inside 
the  single  waterbag  plasma  bubble  but  is  parallel  to  the  external  field  so 
that  the  total  electric  field  inside  is  enhanced. 

In  a  previous  paper  by  Chen  et  al.  (1983),  hereafter  referred  to  as 
Paper  I,  a  nontrivial  extension  of  the  single  bubble  model  of  Ossakow  and 
Chaturvedi  (1978)  was  carried  out  to  study  a  multi-bubble  system.  In  Paper 
I,  the  method  of  image  dipoles  was  developed  to  solve  the  potential 
equation  analytically.  In  the  presence  of  neighboring  bubbles,  it  was 
found  that  the  induced  electric  field  inside  the  multiple  waterbag  bubbles 
is  not  constant  and  has  components  perpendicular  as  well  as  parallel  to  the 
external  (zeroth  order)  electric  field.  This  implies  that  the  bubble 
contours  would  deform  in  the  subsequent  induced  E  x  B  drift  motion  and  that 
no  steady-state  solution  exists. 

In  Paper  I,  it  was  noted  that  the  analytical  solution  obtained  for 
bubbles  (plasma  density  depletions)  was  also  applicable  to  multiple  clouds 
(plasma  density  enhancements)  such  as  one  might  encounter  In  plasma  cloud 
striation  fingers.  It  was  also  shown  that  the  interaction  of  the 
neighboring  bubbles  and  clouds  is  substantial  for  xQ/a  <  3  (where  2xQ  is 
the  center-to-center  distance  between  two  cylindrical  bubbles  and  a  is  the 
radius  of  the  cylinder).  In  particular,  for  the  multi-bubble  case,  the 
Induced  Ej.  x  drift  velocity  is  reduced  by  more  than  20%  to  40%  as  xQ/a  is 
decreased  from  3  to  1.5.  At  the  same  time,  a  horizontal  drift  of  as  much 
as  50%  of  the  vertical  drift  (with  equatorial  F  region  geometry  in  mind)  is 
produced  and  the  drift  velocity  within  bubbles  can  vary  by  20%  to  40%. 
This  nonuni-formity  in  the  field  and  in  the  induced  E_  x  B  drift  is  reduced 
as  xQ/a  increases.  However,  even  for  xQ/a  >  5,  the  nonuniformity  is  still 
in  the  range  of  a  few  percent. 
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In  the  case  of  the  multi-finger  configuration,  observations  (see,  for 
example,  Davis  et  al.,  1974)  indicate  that  the  late-time  striation  fingers 
typically  have  xQ/a  in  the  range  of  1.5  to  2.5.  Thus,  one  important 
observational  constraint  on  any  possible  quasi-steady  state  solution  is 
that  the  electric  field  inside  each  cloud  must  be  uniform  even  for 
separation  distances  xQ/a  of  1.5  to  2.5,  i.e.,  even  in  the  regime  where  the 
inter-cloud  electrical  interaction  is  significant.  It  was  already  observed 
in  Paper  I  that  the  nonuniformity  in  the  multi-cloud  configuration  was  less 
pronounced  than  in  the  multi-bubble  configuration  for  the  same  separation 
distance.  In  this  paper,  we  will  show  quantitatively  that  quasi-steady 
state  solutions  do  exist  for  multiple  plasma  cloud  striations  even  at  small 
separation  distances. 

In  section  2,  we  briefly  review  the  theoretical  formulation  of  two- 
cloud  and  multi-cloud  configurations.  In  section  3,  we  present  the 
detailed  results  of  the  above  conf igurations.  In  Section  4  we  give  the 
summary  and  discussion. 
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2.  THEORETICAL  FORMULATION 

In  this  paper,  we  consider  the  instantaneous  electric  field  of  a 

system  consisting  of  a  finite  number  of  electrically  interacting  plasma 
density  enhancements  ("fingers")  imbedded  in  a  uniform  background  plasma 
and  neutral  gas.  Neutral  wind  effects  are  not  included.  In  Figure  l,  two 
interacting  clouds  are  shown  schematically  along  with  the  coordinate  system 
and  the  external  electric  and  geomagnetic  fields.  The  clouds  ("fingers") 
are  modeled  by  cylinders  with  circular  cross-sections  of  radius  a,  and  the 
center-to-center  separation  distance  is  2xQ.  The  axes  of  the  cylinders  are 

A 

aligned  with  the  earth's  magnetic  field  (B^£)  which  is  assumed  to  be 

uniform.  The  clouds  are  immersed  in  a  uniform  ambient  electric  field  as 

indicated  in  Figure  1.  For  the  present  paper,  we  adopt  the  basic 

theoretical  formulation  of  Paper  I,  utilizing  the  dielectric  analogy  to 
obtain  the  polarization  induced  electric  field  of  the  multi-finger 
system.  We  give  below  a  brief  summary  of  the  relevant  theoretical  results 
as  applied  to  F-region  ionospheric  plasma  clouds  and  refer  the  reader  to 
Paper  I  for  a  more  comprehensive  treatment  and  a  list  of  references. 

The  basic  equation  describing  the  instantaneous  polarization  induced 
electric  field,  say,  at  t  ■  0,  is 

V  .  (<j  E)  -  0  (1) 


where 


a  z 


nec 

Vin  BSJ 


(2) 
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is  the  Pedersen  conductivity  for  an  F  region  plasma  cloud.  Equation  (1)  is 
equivalent  to  conservation  of  the  cross-field  plasma  current  arising  from 
ion  and  electron  drifts.  The  electric  field  _E_  which  drives  the  current 
consists  of  the  uniform  external  field  E^  and  the  polarization  induced 
self-field.  The  electric  field  E_  satisfies  the  conditions  across  the  cloud 
boundaries 


(a  E.)^  »  continuous 

(E)^  »  continuous  (3) 

and  at  infinity  (x,y  ♦  ») 


E  -*■  E  . 
—  — o 


(4) 


The  symbols  11  and  1  refer  to  the  directions  parallel  and  perpendicular  to 
the  boundary  surfaces,  respectively.  The  above  dielectric  analogy  was 
noted  by  Longmire  (197 0)  and  Perkins  et  al.  (1973). 

In  Paper  I,  we  developed  the  method  of  image  dipoles  to  solve  equation 
(1)  exactly,  subject  to  the  conditions  (3)  and  (4).  In  the  interest  of 
keeping  the  paper  self-contained,  we  repeat  the  salient  results  (equations 
(17),  (18),  (22)  and  (23)  of  Paper  I).  For  the  two-cloud  system,  the  total 
electric  field  outside  the  cylindrical  clouds  has  components 

00 

E  ■  -  E  +  E  2P  [f(x  +  x  ,y)  +  f(x  -  x  ,y)l ,  (5) 

x  o  -  nL  v  n,J  n  J 

n»0 


and 
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00 


E  -  Z  2P  [h(x  +  x  ,y)  +  h(x  -  x  ,y)]  , 

y  n  n  n 


jit 

The  total  electric  field  E  inside  the  cloud  centered  at  x  » 
components 


* 

E 


x 


2pnf(x  +  xn>y)j , 


and 


* 

E 

y 


2 

1+K 


E 

n=0 


2Pnh(x  +  xn,y), 


where  the  functions  f  and  h  are  defined  as 


f(x,y) 


(x2  +  y2)2 


and 


h(x,y) 


2xy 

(x2  +  y2)2 


For  n  *  0,  we  have 


P 

n 


n 


P 

n1 


1 


> 


b 

n 


=  x  +  x 


n-1 


xQ  has 
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and 


x  = 


n 


For  n  *  0,  we  have  x_  -  x„  and  P„  =*  P„  where 

’  n  o  n  o 


P 

o 


=  I  f k±)  a2E 

-  ?  l1+KJ  a  “=• 


(9) 


Here , 


K  = 


a2 


(10) 


where  and  are  the  Pedersen  conductivities  inside  and  outside  Che 
clouds,  respectively.  In  reality,  the  collision  frequency  and  the 

number  density  n  vary  along  the  magnetic  field  so  that  the  conductivity 
ratio  K  should  be  redefined  in  terms  of  flux-tube  integrated  quantities. 
For  the  cylindrical  cloud  centered  at  x  ■  -  xQ,  the  inside  field  is 
obtained  by  replacing  xn  with  -  xn  in  the  functions  f  and  h.  For  a 
N  >  3  system,  a  parallel  calculation  based  on  the  same  theoretical 
formulation  yields  series  expressions  similar  to  equations  (5)  through 
(8).  Because  they  are  extremely  cumbersome  and  give  no  new  insight,  we 

will  show  only  the  results  of  the  two  and  three  cloud  systems  in  this 
paper.  Also,  we  will  present  detailed  results  only  for  N  »  2  and  N  *  3 
cases  since  Paper  1  has  shown  that  N  >  5  systems  exhibit  no  significant 
quantitative  or  qualitative  differences  from  the  N  -  3  case. 
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3.  QUASI-STEADY  STATE  MULTI-CLOUD  CONFIGURATION  RESULTS 

Equations  (5)  through  (8)  and  the  corresponding  equations  for  a  three- 

cloud  system  describe  the  electric  field  in  the  frame  moving  with  the 

velocity  cE  x  B  /B2  relative  to  uhe  earth.  As  a  result  of  the 

— o  — o 

polarization  electric  field,  the  plasma  clouds  undergo  induced  E  x  B  drift 
motion  with  respect  to  the  undisturbed  ionosphere.  If  we  define 

I  5  I*  “  =o»  (U) 

then  the  relative  drift  velocity  is 

E  x  B 

V  -  c  - —  .  (12) 

B2 

o 

Here,  Eq  -  -  E^x.  In  particular,  the  _E_  x  B_  drift  velocity  Vj  of  a  single 
Isolated  cloud  is  given  by 


-  ( 


cE 

) 


1-K 
1+K;  B 


(13) 


For  plasma  clouds,  K  >  1  and  is  downward  toward  the  earth  (in  an 
equatorial  ionospheric  configuration).  This  equation  also  shows  that  the 
plasma  elements  inside  an  isolated  cloud  drift  uniformly,  maintaining  its 
geometrical  shape.  Thus,  it  is  a  steady-state  configuration.  Figure  2 
shows  the  field  lines  corresponding  to  1  given  by  equation  (11).  Inside 
the  cloud,  the  field  and  hence  the  JS  x  j5  drift  are  uniform  while  the  field 
outside  the  cloud  is  that  of  a  dipole  (equation  (9))  located  at  the 
center  of  the  circle. 
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In  Figures  3(a),  (b)  and  (c),  we  show  a  two-cloud  configuration  with 
the  separation  distance  xQ/a  «  1-25  for  three  values  of  the  conductivity 
ratio  K.  This  separation  distance  is  smaller  than  the  typical  multi-finger 
situation  where  xQ/a  is  roughly  1.5  to  2.5  (see,  for  example,  Davis  et  al . , 
1974).  In  fact,  for  xQ/a  <  1.25,  it  may  be  observationally  difficult  to 
identify  the  adjoining  clouds  as  separate.  This  separation  distance  is 
shown  in  order  to  maximize  the  effect  of  the  inter-cloud  interaction. 
Moreover,  the  K  »  3  case  is  shown  primarily  because  this  value  corresponds 
to  the  maximum  inter-cloud  influence  for  a  given  xQ/a.  This  can  be  seen  by 
noting  that  each  term  in  the  series  in  equations  (7)  and  (8)  contains  a 
power  of  the  factor  ( 1-K)/ ( 1+K) For  K  >  1,  the  absolute  value  of  this 

quantity  has  a  maximum  at  K  *  3.  Thus,  Figure  3(a)  represents  the  largest 

nonuniformity  in  the  inside  electric  field  for  xQ/a  »  1.25.  As  K 

increases,  the  nonuniformity  decreases  as  shown  by  Figures  3(b)  and  (c). 

As  a  general  remark,  K  is  taken  to  be  of  the  order  of  10  for  artificial 
barium  clouds  and  is  taken  to  be  of  the  order  of  100  or  greater  for  nuclear 
clouds . 

In  Table  1,  we  show  the  numerical  values  of  the  two- 

cloud  x  direction  drift  velocity  V  (equation  (12))  normalized 
to  cEg/Bg,  along  with  the  values  of  Vg  =  -(1-K)/(1+K) ,  the  normalized  drift 
velocity  (see  equation  (13))  of  an  isolated  cloud.  For  xQ/a  ■  1.25,  the  K 
■  3  case  exhibits  a  variation  in  V  of  up  to  30%  inside  the  clouds. This 

variation  (i.e.,  nonuniformity)  decreases  as  K  increases.  For  K  ■  10,  the 

variation  is  roughly  10%  and  for  K  •  100,  it  is  1%.  In  addition,  V 

approaches  the  single-cloud  value  Vs  as  K  increases.  Thus,  we  conclude 
that,  even  for  a  small  separation  distance  of  xQ/a  *  1.25,  K  *  100  is 
nearly  indistinguishable  from  the  single-cloud  case.  It  is  of  importance 
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TABLE  1 . 

SYSTEM.  Vs 

CLOUD  CASE 

NORMALIZED  (E  x  B  ) 

— o  — o  y 

-  -  (1-K)/(1+K)  IS 

DRIFT  VELOCITIES 

THE  INDUCED  DRIFT 

FOR  A  TWO-PLASMA  CLOUD 

VELOCITY  FOR  THE  SINGLE 

X  / 

K 

A 

B 

C 

V 

of  a 

s 

1.25 

3 

0.3699 

0.4548 

0.4772 

0.5000 

10 

0.7316 

0.7889 

0.8035 

0.8181 

100 

0.9682 

0.9762 

0.9782 

0.9802 

1.5 

3 

0.4321 

0.4701 

0.4833 

0.5000 

10 

0.7755 

0.7995 

0.8077 

0.8181 

100 

0.9744 

0.9777 

0.9788 

0.9802 

2.0 

3 

0.4722 

0.4844 

0.4900 

0.5000 

10 

0.8016 

0.8089 

0.8122 

0.8181 

100 

0.9780 

0.9790 

0.9794 

0.9802 

T 

i 
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to  note  from  Figures  3(a),  (b)  and  (c)  that  the  outside  field  is 

significantly  distorted  from  the  single-cloud  dipolar  field  and  that  the 


distortion  does  not  change  appreciably  as  K  is  increased.  This  implies 
that  the  intrinsic  inter-cloud  interaction  is  not  weakened  as  K  is 
increased  and  that  only  the  inside  field  is  affected. 

Figures  4(a),  (b)  and  (c)  and  Figures  5(a),  (b)  and  (c)  show  two-cloud 
systems  with  xQ/a  *1.5  and  xQ/a  *  2.0,  respectively.  Again,  three  values 
K  *  3,  10  and  100  are  shown  for  each  value  of  xQ/a.  As  xQ/a  increases,  the 
inter-cloud  interaction  decreases.  As  a  result,  the  inside  field  is  nearly 
uniform  even  for  K  *  3.  In  particular,  for  xQ/a  *  2.0  which  is  a  typical 
separation  distance  between  striations  in  late  times,  Table  1  shows  that  K 
*  10  case  has  a  field  variation  of  roughly  1%  and  the  K  ■  100  case  has  a 
variation  of  0.1%  inside  the  clouds.  In  addition,  the  deviation  of  the 
drift  velocity  from  that  of  the  single-cloud  case  is  roughly  1%  or  less. 
Such  a  system  of  multi-clouds  would  E_  x  _B_ drift  in  unison  while  each  cloud 
would  maintain  its  geometrical  shape. 

Similar  behavior  is  true  for  the  three-cloud  and  larger  N-cloud 
systems.  In  particular.  Figures  6,  7  and  8  show  three-cloud  systems  with 
xQ/a  «  1.25,  1.5  and  2.0,  respectively.  For  each  value  of  xQ/a,  three 
values  of  K  are  shown,  viz.  K  ■  3,  10  and  100.  In  general,  the  field 
Inside  the  outer  clouds  tends  to  be  slightly  more  nonuniform  in  magnitude 
than  that  in  the  central  cloud.  On  the  other  hand,  the  field  in  the 
central  cloud  tends  to  be  slightly  weaker  than  that  in  the  outer  clouds  so 
that  the  outer  clouds  drift  downward  shomewhat  faster  than  the  central 
clouds.  However,  the  slight  nonuniformity  and  inequality  both  decrease 
with  increasing  K  and  vice  versa. 


Table  2  shows  that,  for  xQ/a  *  1.25,  the  variation  in  the  outer  cloud 
decreases  from  35%  for  K  ■  3  to  12%  for  K  *  10  and  to  1.3%  for  K  =  100 
while  the  variation  in  the  central  cloud  ranges  from  19%  for  K  *  3  to  6% 
for  K  *  10  and  to  0.1%  for  K  *  100.  As  xQ/a  increases,  the  nonuniformity 
throughout  all  the  clouds  decreases.  At  xQ/a  «  2.0,  the  variation  in  the 
field  is  typically  less  than  1%  for  K  -  10  and  K  *  100.  Figures  7(a),  (b) 
and  (c)  and  Figures  8(a),  (b)  and  (c)  show  the  above  behavior.  Again,  as 
K  increases,  the  drift  velocity  V  inside  each  cloud  approaches  that  of  an 
isolated  cloud,  Vg. 

We  conclude  that  multi-finger  quasi-steady  solutions  do  exist  even  for 
small  separation  distances  if  K  is  made  sufficiently  large.  In  particular, 
for  xQ/a  »  2.0,  multi-fingers  with  K  *■  10  and  K  *  100  both  constitute 
quasi-steady  state  configurations  for  all  practical  purposes. 
Observationally ,  these  systems  would  be  seen  to  drift  across  the  magnetic 
field  in  unison  without  changing  their  cross-sectional  shapes. 

The  reason  for  the  quasi-steady  state  behavior  is  easy  to  understand 
by  examining  equations  (7)  and  (8).  The  electric  field  which  determines 
the  relative  _E  x  _B  drift  motion  of  the  clouds  is  given  by  equation  (11). 
Therefore, 


n«0 


Vyj 


From  the  expressions  of  Pn  and  PQ  (equation  (9)),  we  see  that  Pn  and  PQ  are 
not  sensitive  to  K  for  large  K  since  the  factor  ( l-K)/(  1-t-K)  is  nearly  equal 
to  -1.  However,  the  factor  2/ ( 1-t-K)  multiplying  the  series  in  the  above 
expression  and  in  equation  (8)  is  nearly  equal  to  2/K  so  that  the 
contributions  from  the  neighboring  clouds  are  reduced  by  a  factor  of  K“^ 


13 


and,  for  K  *  »,  E^  approaches  the  single-cloud  value  -EQ( l-K)/( 1+K) 
with  ♦  0.  Physically,  the  cloud  with  a  large  K  is  analogous  to  a 
dielectric  with  a  large  dielectric  constant  (see  Paper  I).  Mote  also  that 
the  outside  field  (equations  (5)  and  (6))  depends  only  on  (1-K)/(1+K).  As 
a  result,  the  outside  field  is  not  sensitive  to  K  for  large  K  as  has  been 
demonstrated  by  Figures  3  through  8. 


TABLE  2. 

SYSTEM. 

CASE. 

NORMALIZED  (E  x 
—0 

V3  -  -  (1-K)/(1+K) 

B  )  DRIFT  VELOCITIES 
— o  y 

IS  THE  INDUCED  DRIFT 

FOR  A 

VELOCITY 

THREE 

FOR  THE 

PLASMA  CLOUD 

SINGLE  CLOUD 

x  / 
o/a 

K 

A 

B 

C 

D 

E 

Vs 

1.25 

3 

0.4069 

0.3419 

0.3450 

0.4405 

0.4678 

0.5000 

10 

0.7560 

0.7104 

0.7116 

0.7781 

0.7905 

0.8181 

100 

0.9715 

0.9703 

0.9651 

0.9746 

0.9772 

0.9802 

1.5 

3 

0.4391 

0.4137 

0.4183 

0.4612 

0.4769 

0.5000 

10 

0.7395 

0.7631 

0.7655 

0.7932 

0.8034 

0.8181 

100 

0.9750 

0.9727 

0.9730 

0.9768 

0.9782 

0.9802 

2.0 

3 

0.4673 

0.4604 

0.4650 

0.4792 

0.4861 

0.5000 

10 

0.7981 

0.7939 

0.7965 

0.8053 

0.8096 

0.8181 

100 

0.9775 

0.9770 

0.9773 

0.9784 

0.9790 

0.9802 
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4.  SUMMARY  AND  DISCUSSION 

In  this  paper,  we  have  described  the  morphology  of  two-plasma  cloud 
and  three-plasma  cloud  configurations,  embedded  in  an  F  region  ionosphere, 
in  detail  using  the  techniques  developed  in  Paper  I.  The  results  are 
applicable  to  larger  N-plasma  cloud  systems  to  a  good  approximation.  The 
primary  objective  of  this  paper  is  to  demonstrate  the  existence  of  quasi¬ 
steady  state  multi-plasma  cloud  configurations  in  which  the  electric  field 
inside  all  the  clouds  is  essentially  uniform  and  equal  so  that  such  systems 
would  be  seen  to  drift  in  unison  across  the  magnetic  field  while 
maintaining  the  overall  geometrical  shapes. 

We  have  shown  that  the  influence  of  neighboring  clouds  on  the  electric 
field  inside  the  clouds  decreases  as  K~^  for  any  xQ/a  so  that  the  cloud 
interior  is  effectively  "shielded"  from  the  inter-cloud  interactions. 
Thus,  if  there  is  an  array  of  cylindrical  clouds  with  circular  cross- 
sections,  each  one  of  which  has  uniform  polarization  induced  electric  field 
in  the  absence  of  neighboring  clouds,  then  the  electric  field  inside  each 
cloud  approaches  the  uniform  field  of  an  isolated  cloud  in  the  limit  as 
K  +  «•  for  any  xQ/a  >  1. 

In  particular,  for  K  *  10,  a  typical  value  for  barium  clouds,  the 
nonuniformity  in  the  magnitude  of  the  drift  velocity  is  approximately  10% 
for  xQ/a  *  1.25.  The  drift  velocity  is  also  reduced  from  Vg  by 

approximately  10%.  As  xQ/a  is  increased  to  2.0,  the  nouniformity  is 
reduced  to  approximately  0.1%  and  the  magnitude  of  V  is  also  reduced  from 
Vg  by  a  small  fraction  of  1%  (see  Tables  1  and  2).  Thus,  for  high-K  multi¬ 
plasma  clouds,  deviations  from  complete  uniformity  (i.e.  an  exact  steady 
state  configuration)  are  practically  Imperceptible. 


It  has  been  conjectured  (N.  Zabusky  and  E.  Overman,  1983,  private 
communication)  that  one  can  obtain  steady-state  solutions  for  multi-cloud 
systems  by  adjusting  the  contour  of  each  cloud.  One  cross-section 
suggested  is  an  ellipse.  However,  the  underlying  reason  for  the  quasi¬ 
steady  state  solutions  obtained  in  this  paper  is  the  K-^  "shielding"  effect 
exhibited  by  high-K  clouds.  In  fact,  since  isolated  elliptic  cross- 
sections  are  known  1978)  to  correspond  to  steady  state  configurations 
(Ossakow  and  Chaturvedi,  1978),  we  expect  an  array  of  clouds  with  the  same 
elliptic  cross-sections  to  undergo  quasi-steady  state  E_  x  B_ drift  motion  if 
the  Pedersen  conductivity  ratio  K  is  large. 

It  is  not  too  far-fetched  to  use  a  cylindrical  waterbag  model  for 
evolving  plasma  clouds  and  their  associated  striations.  Linson  (1972)  has 
shown  that  evolving  (steepening)  barium  clouds  tend  to  obey  a  cylindrical 
rather  than  a  sheet-like  model.  Also,  the  results  from  numerical 
simulations  of  steepening  equatorial  spread  F  bubbles  (with  distributed 
density)  show  that,  at  late  times,  they  are  best  modeled  by  cylindrical 
waterbag  models  (see  Ossakow  and  Chaturvedi,  1978;  Ossakow  et  al. ,  1979). 
In  the  real  plasma  cloud  and  attendant  striation  phenomena,  there  are 
continuous  plasma  density  profiles,  which  subsequently  steepen  on  their 
backside.  As  they  steepen,  at  late  times,  they  look  like  waterbags,  except 
in  a  thin  shell.  Thus,  the  approximation  of  circular  cross  sections  with 
piecewise  constant  density  profiles  for  plasma  cloud  striation  fingers  is 
expected  to  be  applicable  in  the  nonlinear  regimes  (late  times). 
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Fig.  1  A  schematic  drawing  of  two  plasma  density  enhancements  ("clouds") 
and  the  coordinate  system.  The  clouds  have  circular  cross-sections 
of  radius  a  and  are  infinite  in  extent  along  the  z  direction. 
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ONE  CLOUD 


3 


Fig.  2  The  field  line  configuration  of  E.  (equation  (II))  for  an  isolated 
cloud.  E_  is  uniform  inside  the  cloud  and  dipolar  outside.  The 
cloud  drifts  according  to  equation  (12). 
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TWO  CLOUOS  k  -3.000  xo  -2.000  TWO  CLOUDS  k  -10.00  xo 


The  configuration  of  the  electri 


THREE  CLOUOS  k  -3.000  xo  - 1.250  THREE  CLOUDS  k -iq. 00  xo  -  1.250 


electric  field  E  (equation 


££  CLOUDS  k  -3.000  *o  -  i.soo  THREE  CLOUDS  *  -io.ou  xo  -  i.500 


-cloud  system  with  x  /a  *  1.5  for  (a)  K  ■  3,  (b)  K  =*  10  and 


E  CLOUDS  k -3.000  xo -2.000  THREE  CLOUDS  k  - 10.00  xo  -  2.000 


(equation 
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OICY  ATTN  NAVALEX  034  T.  HUGHES 
OICY  ATTN  PME  117 
OICY  ATTN  PME  117-T 
OICY  ATTN  CODE  5011 

COMMANDING  OFFICER 
NAVAL  INTELLIGENCE  SUPPORT  CTR 
4301  SUIT LAND  ROAD,  BLDG.  5 
WASHINGTON,  D.C.  20390 

OICY  ATTN  MR.  DUBBIN  STIC  12 

OICY  ATTN  NISC-50 

OICY  ATTN  CODE  5404  J.  GALET 

COMMANDER 

NAVAL  OCCEAN  SYSTEMS  CENTER 
SAN  DIEGO,  CA  92152 
OICY  ATTN  J.  FERGUSON 


COMMANDER 

U.S.  ARMY  NUCLEAR  AND  CHEMICAL  AGENCY 
7500  BACKLICK  ROAD 
BLDG  2073 

SPRINGFIELD,  VA  22150 
OICY  ATTN  LIBRARY 
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NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 


COMMANDER 

AEROSPACE  DEFENSE  COMMAND/DC 


OICY 

ATTN 

CODE 

4700 

S.  L.  Ossakov 

DEPARTMENT  OF  THE  AIR  FORCE 

26  CYS  IF 

UNCLASS.  1  CY  IF  CLASS) 

ENT  AFB,  CO  80912 

OICY 

ATTN 

CODE 

4701 

I  Vltkovitsky 

OICY  ATTN  DC  MR.  LONG 

OICY 

ATTN 

CODE 

4780 

J.  Huba  (100 

CYS  : 

[F  UNCLASS, 

1  CY  IF  CLASS) 

COMMANDER 

OICY 

ATTN 

CODE 

7500 

AEROSPACE  DEFENSE  COMMAND/XPD 

OICY 

ATTN 

CODE 

7550 

DEPARTMENT  OF  THE  AIR  FORCE 

OICY 

ATTN 

CODE 

7580 

ENT  AFB,  CO  80912 

OICY 

ATTN 

CODE 

7551 

OICY  ATTN  XPDQQ 

OICY 

ATTN 

CODE 

7555 

OICY  ATTN  XP 

OICY 

ATTN 

CODE 

4730 

E.  MCLEAN 

OICY 

ATTN 

CODE 

4108 

AIR  FORCE  GEOPHYSICS  LABORATORY 

OICY 

ATTN 

COOE 

4730 

B.  RIPIN 

HANSCOM  AFB,  MA  01731 

20CY 

ATTN 

CODE 

2628 

OICY  ATTN  OPR  HAROLD  GARDNER 

OICY  ATTN  LKB  KENNETH  S.W.  CHAMPION 

COMMANDER 

OICY  ATTN  OPR  ALVA  T.  STAIR 

NAVAL  SEA  SYSTEMS 

COMMAND 

OICY  ATTN  PHD  JURGEN  BUCHAU 

WASHINGTON,  1 

3.C. 

20362 

OICY  ATTN  PHD  JOHN  P.  MULLEN 

OICY 

ATTN 

CAPT 

R.  PITKIN 

COMMANDER 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAHLGREN,  VA  22448 

01CY  ATTN  CAPT  J.H.  BURTON 


AF  WEAPONS  LABORATORY 
KIRTLAND  AFT,  NM  87117 
OVCY  ATTN  SUL 

01CY  ATTN  CA  ARTHUR  H.  GUENTHER 
01CY  ATTN  NTYCE  1LT.  G.  KRAJEI 


OFFICER-IN-CHARGE 
NAVAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  SILVER  SPRING,  MD  20910 
01CY  ATTN  CODE  F31 


AFTAC 

PATRICK  AFB,  FL  32925 
01CY  ATTN  TF/MAJ  WILEY 
01CY  ATTN  TN 


DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
DEPARTMENT  OF  THE  NAVY 
WASHINGTON,  D.C.  20376 
01CY  ATTN  NSP-2141 
01CY  ATTN  NSSP-2722  FRED  WIMBERLY 

COMMANDER 

NAVAL  SURFACE  WEAPONS  CENTER 
DAHLGREN  LABORATORY 
DAHLGREN,  VA  22448 

OiCY  ATTN  CODE  DF-14  R.  BUTLER 

OFFICER  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22217 
OICY  ATTN  CODE  465 
OICY  ATTN  CODE  461 
OICY  ATTN  CODE  402 
OICY  ATTN  CODE  420 
OICY  ATTN  CODE  421 


AIR  FORCE  AVIONICS  LABORATORY 
WRIGHT-PATTERSON  AFB,  OH  45433 
OICY  ATTN  AAD  WADE  HUNT 
OICY  ATTN  AAD  ALLEN  JOHNSON 

DEPUTY  CHIEF  OF  STAFF 
RESEARCH,  DEVELOPMENT,  &  ACQ 
DEPARTMENT  OF  THE  AIR  FORCE 
WASHINGTON,  D.C.  20330 
OICY  ATTN  AFRDQ 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 
OICY  ATTN  J.  DEAS 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DI VISION/ YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01732 
OICY  ATTN  YSEA 
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HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 

01CY  ATTN  DCKC  MAJ  J.C.  CLARK 

COMMANDER 

FOREIGN  TECHNOLOGY  DIVISION,  .AFSC 
WRIGHT-PATTERSON  AFB,  OH  45433 
01CY  ATTN  NICD  LIBRARY 

OICY  ATTN  ETDP  B.  BALLARD 

COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
CRIFFISS  AFB,  NY  13441 

OICY  ATTN  DOC  LIBRARY/TSLD 
OICY  ATTN  OCSE  V.  COYNE 

SAMSO/SZ 

POST  OFFICE  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(SPACE  DEFENSE  SYSTEMS) 

OICY  ATTN  SZJ 

STRATEGIC  AIR  COMMAND/XPFS 
OFFUTT  AFB,  NB  68113 

OICY  ATTN  ADWATE  MAJ  BRUCE  BAUER 
OICY  ATTN  NRT 

OICY  ATTN  DOK  CHIEF  SCIENTIST 

SAMSO/SK 
P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

01CT  ATTN  SKA  (SPACE  COMM  SYSTEMS) 
M.  CLAVIN 

SANSO/MN 

NORTON  AFB,  CA  92409 
(MINUTEMAN) 

OICY  ATTN  MNNL 

COMMANDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  EEP  A.  LORENTZEN 

DEPARTMENT  OF  ENERGY 
LIBRARY  ROOM  C-042 
WASHINGTON,  D.C.  20545 

OICY  ATTN  DOC  CON  FOR  A.  LABOWITZ 


DEPARTMENT  OF  ENERGY 
ALBUQUERQUE  OPERATIONS  OFFICE 
P.O.  BOX  5400 
ALBUQUERQUE,  NM  87115 

OICY  ATTN  DOC  CON  FOR  D.  SHERWOOD 

SG&G,  INC. 

LOS  ALAMOS  DIVISION 

P.O.  BOX  809 

LOS  ALAMOS,  NM  85544 

OICY  ATTN  DOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.O.  BOX  808 
LIVERMORE,  CA  94550 

OICY  ATTN  DOC  CON  FOR  TECH  INFO  DEPT 

OICY  ATTN  DOC  CON  FOR  L-389  R.  OTT 

OICY  ATTN  DOC  CON  FOR  L-31  R.  HAGER 

OICY  ATTN  DOC  CON  FOR  L-46  F.  SEWARD 

LOS  ALAMOS  NATIONAL  LABORATORY 

P.O.  BOX  1663 

LOS  ALAMOS,  NM  87545 


OICY 

ATTN 

DOC 

CON 

FOR 

J. 

WOLCOTT 

OICY 

ATTN 

DOC 

CON 

FOR 

R.F.  TASCHEK 

OICY 

ATTN 

DOC 

CON 

FOR 

E. 

JONES 

OICY 

ATTN 

DOC 

CON 

FOR 

J. 

MALIK 

OICY 

ATTN 

DOC 

CON 

FOR 

R. 

JEFFRIES 

OICY 

ATTN 

DOC 

CON 

FOR 

J. 

ZINN 

OICY 

ATTN 

DOC 

CON 

FOR 

P. 

KEATON 

OICY 

ATTN 

DOC 

CON 

FOR 

D. 

WESTER VELT 

OICY 

ATTN 

D.  SAPPENFIELD 

SANDIA  LABORATORIES 
P.O.  BOX  5800 
ALBUQUERQUE,  NM  87115 


OICY 

ATTN 

DOC 

CON 

FOR 

U.  BROWN 

OICY 

ATTN 

DOC 

CON 

FOR 

A.  THORNBROUGH 

OICY 

ATTN 

DOC 

CON 

FOR 

T.  WRIGHT 

OICY 

ATTN 

DOC 

CON 

FOR 

D.  DAHLGREN 

OICY 

ATTN 

DOC 

CON 

FOR 

3141 

OICY 

ATTN 

DOC 

CON 

FOR 

SPACE  PROJECT  ' 

SANDIA  LABORATORIES 
LIVERMORE  LABORATORY 
P.O.  BOX  969 
LIVERMORE,  CA  94550 

OICY  ATTN  DOC  CON  FOR  B.  MURPHEY 
OICY  ATTN  DOC  CON  FOR  T.  COOK 


OFFICE  OF  MILITARY  APPLICATION 
DEPARTMENT  OF  ENERGY 
WASHINGTON,  D.C.  20545 

OICY  ATTN  DOC  CON  DR.  YO  SONG 
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OTHER  GOVERNMENT 


DEPARTMENT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  D.C.  20234 

OICY  (ALL  CORRES:  ATTN  SEC  OFFICER  FOR) 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  &  INFO  ADMIN 
BOULDER,  CO  80303 

OICY  ATTN  A.  JEAN  (UNCLASS  ONLY) 

OICY  ATTN  W.  UTIAUT 
01CY  ATTN  D.  CROMBIE 
OICY  ATTN  L.  BERRY 

NATIONAL  OCEANIC  &  ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80302 
OICY  ATTN  R.  GRUBB 
OICY  ATTN  AERONOMY  LAB  G.  REID 


DEPARTMENT  OF  DEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 
P.O.  BOX  92957 


LOS  ANGELES,  CA  90009 


OICY 

ATTN 

I.  GARFUNKEL 

OICY 

ATTN 

T.  SALMI 

OICY 

ATTN 

V.  JOSEPHSON 

OICY 

ATTN 

S.  BOWER 

OICY 

ATTN 

D.  OLSEN 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
BURLINGTON,  MA  01803 

OICY  ATTN  RADIO  SCIENCES 

AUSTIN  RESEARCH  ASSOC,,  INC. 

1901  RUTLAND  DRIVE 
AUSTIN,  TX  78758 
OICY  ATTN  L.  SLOAN 
OICY  ATTN  R.  THOMPSON 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 
P.O.  BOX  983 
BERKELEY,  CA  94701 
OICY  ATTN  J.  WORKMAN 
OICY  ATTN  C.  P RETT IE 
OICY  ATTN  S.  BRECHT 


BOEING  COMPANY,  THE 
P.O.  BOX  3707 
SEATTLE,  WA  98124 
OICY  ATTN  G.  KEISTER 
OICY  ATTN  D.  MURRAY 
OICY  ATTN  G.  HALL 
OICY  ATTN  J.  KENNEY 

CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02139 
OICY  ATTN  D.B.  COX 
OICY  ATTN  J.P.  GILMORE 

COMSAT  LABORATORIES 
LINTHICUM  ROAD 
CLARKSBURG,  MD  20734 
OICY  ATTN  G.  HYDE 

CORNELL  UNIVERSITY 

DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
ITHACA,  NY  14850 

OICY  ATTN  D.T.  FARLEY,  JR. 

ELECTROSPACE  SYSTEMS,  INC. 

BOX  1359 

RICHARDSON,  TX  75080 
OICY  ATTN  H.  LOCSTON 
OICY  ATTN  SECURITY  (PAUL  PHILLIPS) 

EOS  TECHNOLOGIES,  INC. 

606  Wilshire  Blvd. 

Santa  Monica,  Calif  90401 
OICY  ATTN  C.B.  GABBARD 

ESL,  INC. 

495  JAVA  DRIVE 
SUNNYVALE,  CA  94086 
OICY  ATTN  J.  ROBERTS 
OICY  ATTN  JAMES  MARSHALL 

GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.O.  BOX  8555 
PHILADELPHIA,  PA  19101 

OICY  ATTN  M.H.  BORTNER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.O.  BOX  1122 
SYRACUSE,  NY  13201 
OICY  ATTN  F.  RE I  BERT 
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GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 
HUES 

COURT  STREET 
SYRACUSE,  NY  13201 
01CY  ATTN  G.  HILLMAN 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANKS,  AK  99701 

(ALL  CLASS  ATTN:  SECURITY  OFFICER) 
01CY  ATTN  T.N.  DAVIS  (UNCLASS  ONLY) 
01CY  ATTN  TECHNICAL  LIBRARY 
01CY  ATTN  NEAL  BROWN  (UNCLASS  ONLY) 

GTE  SYL VANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTERN  DIV 
77  A  STREET 
NEEDHAM,  MA  02194 

01CY  ATTN  DICK  STEINHOF 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

01CY  ATTN  DONALD  HANSEN 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  HALL 
150  DAVENPORT  HOUSE 
CHAMPAIGN,  IL  61820 

(ALL  CORRES  ATTN  DAN  MCCLELLAND) 

01CY  ATTN  K.  YEH 

INSTITUTE  FOR  DEFENSE  ANALYSES 
1801  NO.  BEAURECARD  STREET 
ALEXANDRIA,  VA  22311 
01CY  ATTN  J.M.  AEIN 
01CY  ATTN  ERNEST  BAUER 
01CY  ATTN  HANS  WOLFARD 
01CY  ATTN  JOEL  BENGSTON 

INTL  TEL  &  TELEGRAPH  CORPORATION 
500  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 

01CY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

11011  TORREYANA  ROAD 
P.O.  BOX  85154 
SAN  DIEGO,  CA  92138 

01CY  ATTN  J.L.  SPERLING 


JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MD  20810 

01CY  ATTN  DOCUMENT  LIBRARIAN 
01CY  ATTN  THOMAS  POTEMRA 
01CY  ATTN  JOHN  DASSOULAS 

KAMAN  SCIENCES  CORP 
P.O.  BOX  7463 

COLORADO  SPRINGS,  CO  80933 
01 CY  ATTN  T.  MEAGHER 

KAMAN  TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O  DRAWER  QQ) 

SANTA  BARBARA,  CA  93102 
01CY  ATTN  DAS 1 AC 
01CY  ATTN  WARREN  S.  KNAPP 
01CY  ATTN  WILLIAM  MCNAMARA 
01CY  ATTN  B.  GAMBILL 

LINKABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 
01 CY  ATTN  IRWIN  JACOBS 

LOCKHEED  MISSILES  &  SPACE  CO.,  INC 
P.O.  BOX  504 
SUNNYVALE,  CA  94088 
01CY  ATTN  DEPT  60-12 
01CY  ATTN  D.R.  CHURCHILL 

LOCKHEED  MISSILES  &  SPACE  CO.,  INC. 

3251  HANO  VER  STREET 
PALO  ALTO,  CA  94304 

OICY  ATTN  MARTIN  WALT  DEPT  52-12 
01CY  ATTN  W.L.  IMHOF  DEPT  52-12 
OICY  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 
OICY  ATTN  J.B.  CLADIS  DEPT  52-12 

MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.O.  BOX  5837 
ORLANDO,  FL  32805 
OICY  ATTN  R.  HEFFNER 


M.I.T.  LINCOLN  LABORATORY 
P.O.  BOX  73 
LEXINGTON,  MA  02173 

OICY  ATTN  DAVID  M.  TOWLE 
OICY  ATTN  L.  LOUGHLIN 
OICY  ATTN  D.  CLARK 
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MCDONNEL  DOUGLAS  CORPORATION 
53Q1  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 
OICY  ATTN  N.  HARRIS 
01CT  ATTN  J.  HOULE 
Old  ATTN  GEORGE  MROZ 
OICY  ATTN  W.  OLSON 
Old  ATTN  R.W.  HALPRIN 
Old  ATTN  TECHNICAL  LIBRARY  SERVICES 

MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
OICY  ATTN  P.  FISCHER 
OICY  ATTN  W.F.  CREVXER 
OICY  ATTN  STEVEN  L.  GUTSCHE 
Old  ATTN  R.  BOGUSCH 
OICY  ATTN  R.  HENDRICK 
Old  ATTN  RALPH  KILB 
OICY  ATTN  DAVE  SOULE 
Old  ATTN  F.  FA  JEN 
OICY  ATTN  M.  SCHE1BE 
OICY  ATTN  CONRAD  L.  LONGMIRE 
OICY  ATTN  B.  WHITE 

MISSION  RESEARCH  CORP. 

1720  RANDOLPH  ROAD,  S.E- 
ALBUQUERQUE,  NEW  MEXICO  87106 
OICY  R.  STELLINGWERF 
Old  M.  ALME 
OICY  L.  WRIGHT 

MITRE  CORPORATION,  THE 
P.O.  BOX  208 
BEDFORD,  MA  01730 

OICY  ATTN  JOHN  MORGANSTSRN 
Old  ATTN  G.  HARDING 
OICY  ATTN  C.E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLVD 
MCLEAN,  VA  22101 
Old  ATTN  W,  HALL 
OICY  ATTN  W,  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
12340  SANTA  MONICA  BLVD. 

LOS  ANGELES,  CA  90025 

OICY  ATTN  E.C.  FIELD,  JR. 


PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  16802 
(NO  CLASS  TO  THIS  ADDRESS) 

OICY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

4  ARROW  DRIVE 
WOBURN,  MA  01801 

OICY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 

OICY  ATTN  E.J.  FREMOUW 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  10367 
OAKLAND,  CA  94610 
ATTN  A.  THOMSON 

R  &  D  ASSOCIATES 

P.O.  BOX  9695 

MARINA  DEL  REY,  CA  90291 


OICY 

ATTN 

FORREST  GILMORE 

OICY 

ATTN 

WILLIAM  B.  WRIGHT, 

OICY 

ATTN 

ROBERT  F.  LELEVIER 

OICY 

ATTN 

WILLIAM  J.  KARZAS 

OICY 

ATTN 

H.  ORY 

OICY 

ATTN 

C.  MACDONALD 

OICY 

ATTN 

R.  TURCO 

OICY 

ATTN 

L.  DeRAND 

OICY 

ATTN  W.  TSAI 

RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 
OICY  ATTN  CULLEN  CRAIN 
OICY  ATTN  ED  BEDROZIAN 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 

OICY  ATTN  BARBARA  ADAMS 

RIVERSIDE  RESEARCH  INSTITUTE 
330  WEST  42nd  STREET 
NEW  YORK,  NY  10036 

OICY  ATTN  VINCE  TRAPANI 


* 


SCIENCE  APPLICATIONS,  INC. 
1150  PROSPECT  PLAZA 
LA  JOLLA,  CA  92037 

OICY  ATTN  LEWIS  M.  LINSON 
OICY  ATTN  DANIEL  A.  HAMLIN 
OICY  ATTN  E.  FRIEMAN 
OICY  ATTN  E.A.  STRAKER 
OICY  ATTN  CURTIS  A.  SMITH 
OICY  ATTN  JACK  MCDOUCALL 

SCIENCE  APPLICATIONS,  INC 
1710  GOOORIDCE  DR. 

MCLEAN,  VA  22102 
ATTN:  J.  COCKAYNE 

SRI  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  9*025 


OICY 

ATTN 

DONALD  NEILSON 

OICY 

ATTN 

ALAN  BURNS 

OICY 

ATTN 

G.  SMITH 

OICY 

ATTN 

R.  TSUNODA 

OICY 

ATTN 

DAVID  A.  JOHNSON 

OICY 

ATTN 

WALTER  G.  CHESNUT 

OICY 

ATTN 

CHARLES  L.  RINO 

OICY 

ATTN 

WALTER  JAYE 

OICY 

ATTN 

J.  VICKREY 

OICY 

ATTN 

RAY  L.  LEADABRANO 

OICY 

ATTN 

G.  CARPENTER 

OICY 

ATTN 

G.  PRICE 

OICY 

ATTN 

R.  LIVINGSTON 

OICY 

ATTN 

V.  GONZALES 

OICY 

ATTN 

D.  MCDANIEL 

TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEDFORD,  MA  01730 

OICY  ATTN  W.P.  BOQUIST 

TOYON  RESEARCH  CO. 

P.O.  Box  6890 
SANTA  BARBARA,  CA  93111 
OICY  ATTN  JOHN  ISE,  JR. 
OICY  ATTN  JOEL  GARBARINO 


TRW  DEFENSE  S  SPACE  SYS  GROUP 
ONE  SPACE  PARK 
REDONDO  BEACH,  CA  90278 
OICY  ATTN  R.  K.  PLEBUCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  DEE 
OICY  ATTN  D/  STOCKWELL 
SNTP/ 157  5 

VISIDYNE 

SOUTH  BEDFORD  STREET 
BURLINGTON,  MASS  01803 
OICY  ATTN  W.  REIDY 
OICY  ATTN  J.  CARPENTER 
OICY  ATTN  C.  HUMPHREY 
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IONOSPHERIC  MODELING  DISTRIBUTION  LIST 
(UNCLASSIFIED  ONLY) 


PLEASE  DISTRIBUTE  ONE  COPY  TO  EACH  OF 
NOTED) 

NAVAL  RESEARCH  LABORATORY 
WASHINGTON,  D.C.  20375 

Dr.  P.  MANGE  -  CODE  4101 
Dr.  P.  GOODMAN  -  CODE  4180 

A.F.  GEOPHYSICS  LABORATORY 
L.G.  HANSCOM  FIELD 


FOLLOWING  PEOPLE  (UNLESS  OTHERWISE 


NASA 

GODDARD  SPACE  FLIGHT  CENTER 
GREENBELT,  MD  20771 
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